To determine if the odds of mobility disability increases at a different rate among visually impaired (VI) as compared with nonvisually impaired (NVI) over an 8-year period.
D ifficulty with mobility is the most commonly reported physical disability among older adults in the United States. 1 Among those aged 65 years and older, approximately 32% (11.1 million) report difficulty with walking three city blocks and 30% (10.5 million) report difficulty climbing a flight of stairs. 1 The risk of mobility disability increases with age; for every decade of life after age 65, the likelihood of mobility disability increases 2-fold. 2 Older adults with mobility difficulties may represent a subset of the population at higher risk for more advanced disabilities, as mobility disability often leads to difficulties with more complex tasks, such as with activities of daily living (ADLs). [3] [4] [5] Understanding the underlying causes of mobility disability may help to mitigate the progression of disability among older adults.
Of the reasons for physical disability occurring at older ages, chronic health conditions are the most common. 1, 5 Visual impairment is one condition shown to be associated with functional difficulty, and is estimated to cause physical disability among 3.3% of US adults. 1 Research has begun to examine the impact of vision loss on mobility, and indicates that the visually impaired (VI) have slower walking speeds, more falls, and report more mobility difficulty than their nonvisually impaired (NVI) counterparts. [6] [7] [8] [9] [10] [11] However, the impact of visual impairment on mobility has not been fully examined. Previous studies have been largely cross-sectional and thus unable to assess the impact of visual impairment on mobility over time. [6] [7] [8] [9] [10] [11] It is unclear if visual impairment exacerbates mobility declines as people age. Understanding this relationship may help to determine intervention strategies aimed at improving functioning in the VI.
The aim of this research was to examine the longitudinal association between visual impairment and mobility disability in the Salisbury Eye Evaluation (SEE) Study, a longitudinal cohort study of older US adults followed over 8 years with the intent to assess changes in vision and mobility. Our a priori hypothesis was that the trajectory of mobility disability would increase at a greater rate among the VI, as compared with the NVI over this study period.
METHODS
The Institutional Review Board of the Johns Hopkins School of Medicine approved this research, and informed consent was obtained for all participants according to the Declaration of Helsinki.
adults 65 years and older. 8 Possible participants were identified from the Health Care Financing Administration Medicare Database. The recruitment and eligibility criteria of the SEE study have been previously described. 8 Clinic visits occurred at baseline, as well as 2, 6, and 8 years after baseline.
Visual Impairment
Visual impairment was categorized as a binary variable using visual acuity and visual field data. Distance visual acuity was measured for each eye using a standard forced choice procedure with an Early Treatment for Diabetic Retinopathy Study chart. 12 For these analyses, best-corrected visual acuity in the better-seeing eye was used.
Visual fields were measured using a Humphrey single intensity (24 dB) full field (608) screen (Humphrey Field Analyzer; Carl Zeiss Meditec, Dublin, CA). Monocular visual fields were measured, but from these data binocular visual fields were be estimated from the composite of the more sensitive of the visual field locations from each eye. 13 The composite binocular visual field was scored as number of points missed (out of a possible 96 points) on the visual field exam. The visual fields were separated into three areas: the central (56 points), upper peripheral (18 points), and lower peripheral fields (22 points). The central field measured in the SEE corresponds to approximately 208 of visual field.
Visual impairment was defined as best corrected distance visual acuity worse than 20/40 in the better-seeing eye or missing all of the points in the upper and lower peripheral fields of the visual field test. This visual acuity cut point corresponds to the American Association of Ophthalmology categorization of visual impairment, which defined impairment as best-corrected distance visual acuity of worse than 20/40 in the better-seeing eye, 14 and the ICD-10 categorization defines impairment as less than 208 of visual field. 15 Visual impairment was analyzed as a time-varying covariate, allowing individuals to change between NVI and VI or between VI to NVI at each study visit.
Mobility Disability
Our primary outcome of interest was mobility disability. In the SEE study, a questionnaire adapted from questionnaires developed by Nagi 16 and Rosow and Breslau 17 was used to assess difficulty with three mobility tasks: walking up 10 steps, walking down 10 steps, and walking 150 feet. The lead-in for each question asked was, ''By yourself, that is without help from another person or special equipment, do you have any difficulty with ...'' The response to this question was a scale of difficulty that included the following possible choices: ''no difficulty,'' ''a little difficult,'' ''moderate difficulty,'' ''extreme difficulty,'' and ''cannot perform activity for health or physical reasons.'' Using the Center for Disease Prevention and Controls definition of disability, we collapsed these responses into a binary variable (''no difficulty'' or ''any difficulty/unable to complete the mobility task''). 1 
Other Covariates
In addition to the variables described above, the SEE study included age, sex, and self-designated race (white or black). The baseline values of these covariates were used in the analysis. Previous research has indicated that the risk of both visual impairment and disability increases nonlinearly with age. 8 To capture this nonlinear association, age at baseline was categorized as: 65 to 69, 70 to 74, 75 to 79, and ‡80 years.
We also examined the following covariates as time-varying: body mass index (BMI), smoking status, number of comorbid condition, presence of diabetes, the presence of depressive symptoms, and Mini-Mental State Examination (MMSE) score. The values of these covariates for an individual were allowed to change at each study visit. BMI was calculated as weight (kg) divided by height (m) squared measured at each visit, and was categorized into three groups: underweight (<18.5), normal weight (18.5 to <25), and overweight/obese ( ‡25). Smoking status was assessed via self-report and categorized as never smoker and current/former smoker.
Comorbid conditions are known to negatively impact mobility. 18, 19 Therefore, participants were asked questions about their comorbidities using the lead in ''has a doctor ever told you that you have. . .'' The conditions asked about include: arthritis, hip fracture, back problem, heart attack or myocardial infarction, angina or chest pain, congestive heart failure, intermittent claudication pain in the legs, high blood pressure, emphysema, asthma after age 50, stroke, Parkinson's disease, cancer or malignancy, and vertigo or Meniere's disease. For these analyses, we categorized the number of comorbid conditions as: 0, 1, 2, or 3þ comorbid conditions.
As diabetes can lead to visual impairment as well as mobility disability, this comorbid condition was examined separately from the comorbidity covariates described above. The presence of diabetes was recorded if hemoglobin A1C values were above 7% or if a doctor had ever told the participant that they had diabetes. The presence of depressive symptoms was assessed using the seven-item depressive symptom subscale of the General Health Questionnaire. 20, 21 This scale was designed to identify severe depressive symptoms in the general public. An individual is categorized as having depressive symptoms if they respond ''yes'' to one or more of the seven questions about worthlessness, suicidal thoughts, and hopelessness. Cognitive status was determined using the MMSE. 22 Scores on this test can range from 0 to 30, and cognitive impairment is suggested by scores less than or equal to 23. 
Statistical Analysis
Univariate analyses were used to compare the distribution of potential confounders by visual impairment status at baseline. We obtained P values from v 2 for categorical variables or t-tests for continuous variables comparing the VI with the NVI. Since visual impairment status was used as a time-varying covariate, we examined how the number of participants with visual impairment and nonvisual impairment changed by study visit, including the percentage of incident VI. We also determined the mean visual acuity (logMAR) and mean number of central visual field points missed by visually impairment status and study visit. Generalized estimating equation (GEE) models were used to account for the correlation between the repeated measures. 23 Three separate regression models were run, one for each of the mobility outcomes: difficulty walking up 10 steps, difficulty walking down 10 steps, and difficulty walking 150 feet. From these models, odds ratios (OR) and 95% confidence intervals (CI) were estimated comparing the odds of reporting difficulty with each of these tasks among the VI to the odds among the NVI using an exchangeable working correlation structure. Our initial models included covariates that were significantly associated with visual impairment status from our univariate analyses. The most parsimonious statistical model was determined based on comparison of model fit using the quasi-likelihood under the independence model criteria. 24 In addition to visual impairment status and time since baseline (in years), our final models included baseline age categories, sex, and race, as well as time-varying values for smoking status, BMI categories, number of comorbid conditions categories, the presence of depressive symptoms, and the presence of diabetes. We modeled years since baseline using spline terms with a knot at the 6-year visit.
For each outcome, we included interaction terms between visual impairment status and the spline time covariates, which would allow for the slope to differ between the VI and NVI over each section of the spline. This allowed us to test our primary hypothesis that the change in the odds of reporting mobility disability over the study period differed between the VI and the NVI.
To check for emmigrative selection bias, we modeled the odds of being lost to follow-up compared with the odds of not being lost to follow-up at each study visit after baseline. These models included covariates for visual impairment status as well as the other covariates in our primary analyses from the visit prior to dropout. We ran three sets of models, one set for each of the mobility disability outcomes and included these variables as predictors of being lost to follow-up (i.e., three sets of models, with each set including one type mobility disability as a predictor of being lost to follow-up), and an interaction term between mobility disability and visual impairment status. This interaction term was included to determine if there was differential loss to follow-up of VI and disabled participants after adjusting for our other observed covariates.
We also ran sensitivity analyses where the visual acuity criteria used to define visual impairment was shifted from bestcorrected distance visual acuity worse than 20/40 to acuity worse than 20/60, as this alternate cut point is the visual acuity criteria used for the ICD-10. 15 However, our results were similar our primary analyses and the inferences were unchanged, and only results from the primary analyses are presented.
All data were analyzed using statistical software (STATA Statistical Software: Release 12.1; STATA Corp., College Station, TX; and SAS; SAS, Inc., Cary, NC).
RESULTS

Participant Characteristics
This study included 169 (7%) participants who were categorized as VI at baseline and 2351 (93%) who were not VI at baseline. Compared with those who were not VI, baseline VI participants were significantly older. After adjusting for age, the VI were also more likely to be black, had a lower MMSE score, and were more likely to have diabetes and report depressive symptoms than the NVI (Table 1) . At the 2-year visit, 249 SEE participants (11%) were classified as VI, 185 (12%) at the 6-year visit, and 139 (11%) at the 8-year visit ( Table 2 ). The mean visual acuity (in logMAR) increased over time among the VI from 0.46 logMAR at baseline to 0.67 logMAR at the 6-year study visit, indicating worsening vision in this group. However, the mean acuity at the 8-year visit was not statistically significant from the 6-year mean (P ¼ 0.182).
The proportion of participants reporting mobility difficulty increased at each study visit. From baseline to the 6-year study visit, a higher percentage of VI reported difficulty with all three mobility tasks than NVI (Table 2 ). However, from the 6-year visit to the 8-year visit, a decline in the percentage of VI reporting difficulty with mobility tasks was observed.
Multivariate Analyses
In our multivariate analyses, the odds of the NVI reporting mobility disability compared with not reporting mobility disability were significantly higher for each year between baseline and the 6-year study visit (Table 3 : models 1a, 2a, and 3a). However, ORs for the second half of the time spline was not significant, suggesting no difference in the rate of change between 6-and 8-year visits. In these models, the odds of reporting mobility disability were significantly greater for the VI compared with the NVI for all three mobility outcomes, after adjusting for all other covariates.
To determine if the trajectory of mobility disability differed, we include interaction terms between visual impairment status and each of the time spline terms (Table 3 : models 1b, 2b, and 3b). For each mobility outcome, the interaction between visual impairment status and the first spline term (baseline to the 6year visit) was not statistically significant, indicating there was no difference in the trajectory of reporting disability over this time by visual impairment status. However, from the 6-year visit to the 8-year visit the interaction term was significant for all outcomes, and the OR of these terms was below 1.0. This suggests that the difference in the odds of reporting mobility disability between the VI and NVI was reduced at the 8-year visit, compared with the 6-year visit.
The interaction model was used to compare the odds of reporting mobility disability in the VI to the NVI for the first 6 years and the last 2 years and for each outcome ( Table 4 ). The ORs in the first segment of the time spline (from baseline to the 6-year visit) indicate the VI were significantly more likely to report mobility disability, although the trajectory of decline was similar in both groups. From the 6-to the 8-year visit, there was no statistically significant difference in reporting disability between the VI and NVI.
Other factors were significantly related to mobility disability over time and include baseline age, sex, race, as well as BMI, the number of other comorbid conditions, and the presence of depressive symptoms and diabetes. These results were largely unchanged in the models including an interaction between visual impairment status and the time splines.
Losses to Follow-up
We examined the effect of potential differential losses to follow-up by both visual impairment status and disability status. We modeled the odds of being lost to follow-up at each study visit after baseline. From baseline to the 2-year visit, the VI were not more likely to be lost at the 2-year visit than the NVI, and participants reporting disability were not more likely to be lost than those not reporting disability for any of the three mobility tasks ( Table 5 ). From the 2-year to the 6-year visit, participants reporting disability at the 2-year visit were more likely to be lost to follow-up at the 6-year visit than participants who did not report mobility disability, but there was no difference by visual impairment status ( Table 5 ). From the 6-year to the 8-year visit, the VI were significantly more likely to be lost to follow-up than the NVI for the models including stair climbing and stair descent disability ( Table 5 ).
But the VI were not significantly more likely to be lost than the NVI for the model including difficulty walking 150 feet. Additionally, participants reporting disability were significantly more likely to be lost to follow-up than those not reporting disability for each of the mobility tasks ( Table 5 ). The interactions between visual impairment and each of the three outcomes were not significant, suggesting there was no differential loss to follow-up of the VI who were also disabled. 
DISCUSSION
The results from this study indicated that from baseline to the 6-year visit, the VI were more likely to have mobility difficulty than the NVI. But, there was no evidence that the trajectory was different among the VI, compared with the NVI. This was contrary to our a priori hypothesis that the trajectory of mobility disability would be steeper among the VI as compared to the NVI over the 8-year study period.
Our results also indicated that for this study population, the odds of reporting of mobility disability over time were not linear. In fact, we observed that the percentage of individuals (both VI and NVI) reporting mobility disability did not continue to increase after the 6-year visit. Additionally, the difference in the odds of reporting mobility disability between the VI and NVI was no longer significant by the 8-year study visit. These findings were unexpected.
Therefore, we examined the possibility that we were observing a ''healthy survivor'' bias, meaning participants who were disabled and VI were preferentially lost to follow-up. We found no evidence of differential loss of the VI from baseline to the 6-year visit, suggesting the absence of a difference in the trajectory was not due to emmigrative selection bias. However, we observed that from the 6-to the 8-year visits the VI were more likely to be lost to follow-up than the NVI, and the disabled were more likely to be lost than the nondisabled. The interaction between visual impairment and disability was not significant, indicating that individuals who were VI and disabled were not more likely to be lost and suggesting the absence of differential loss to follow-up of these individuals. While it is possible that these cross-sectional models were not powered to detect this interaction at the last study visit, unadjusted analyses did not indicate a differential loss of VI and disabled participants (data not shown). Despite this result, we cannot rule out the possibility that the decline in mobility disability from the 6-to the 8-year visits was a result of loss to follow-up of VI participants who were at greatest risk of developing mobility disability. Overall, we found no indication that similarity of the mobility disability trajectory between the VI and NVI was due to emmigrative selection bias.
Our observation of no difference in mobility disability trajectory by visual impairment status was surprising. Previous cross-sectional studies reported that the VI are more likely to have mobility difficulty than the NVI, [6] [7] [8] [9] [10] [11] and as a result we expected this difference would increase over time. But our observed difference in the odds of reporting mobility disability by visual impairment status at baseline may suggest that this difference occurs early in the process of visual loss, and possibly before the accumulation of other comorbid conditions. However, in the SEE study comorbidities were common. At baseline, over 30% of the NVI and more than 40% of the VI had three or more comorbid conditions. Further research including younger populations with few comorbidities would be needed to test this hypothesis. It is also possible that over time, the VI develop compensatory strategies to reduce their mobility difficulty, but we could not examine that hypothesis. At the time of the study, Salisbury, Maryland, did not have a low vision rehabilitation program.
In addition to visual impairment, other factors in our regression model were associated with the report of mobility disability. We found that individuals reporting mobility disability were more likely to be of older age, female sex, black race, past or current smokers, under-or overweight (based on BMI), have one or more comorbid conditions, report depressive symptoms, and have diabetes. These results were expected, as the covariates examined in this study were chosen based on our review of relevant literature that identified these factors as potential confounders of the association between visual impairment status and mobility disability. 2, 18, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Our results may have implications for low vision rehabilitation efforts. These efforts should include improvement of mobility, such as with the use of assistive devices and mobility and orientation training. However, the inclusion of mobility training in low vision rehabilitation settings is infrequent. In a survey of over 1000 US low vision rehabilitation clinics, only 28.7% of the polled programs offered mobility and orientation training. 35 We found that the negative impact of visual impairment on mobility disability largely remains as people age, and believe this result emphasizes the importance of including mobility training as a part of low vision rehabilitation efforts.
